Background Socio-demographic factors characterizing disadvantage may influence uptake of preventative health interventions such as the NHS Health Check and research trials informing their content.
Introduction
Vascular diseases, including coronary heart disease, stroke, diabetes and kidney disease, affect more than four million people in England and are responsible for one in every three deaths and one in five hospital admissions annually. 1 Physical inactivity is a key modifiable risk factor for vascular diseases 2 and is often targeted in primary care-based interventions delivered to diverse patient groups. 3 -8 An example of one such intervention is England's National Health Service (NHS) Health Checks programme. 9 This programme invites eligible patients aged 40 -74 years to attend a vascular disease risk assessment, usually based in primary care. This assessment incorporates brief advice encouraging physical activity and dietary change in patients considered to be at increased risk. How best to promote physical activity within this time and resource-limited context is the focus of an ongoing randomized controlled trial 10 . The present study uses data from the pilot phase of this trial.
The desired outcome of the Health Check-a reduction in the incidence of vascular diseases in England 11 -will only occur if the programme can successfully recruit and screen large numbers of currently healthy patients. It is widely recognized that population-level preventative interventions like vascular screening may impact minimally on individual recipients, many of whom will be of low risk, yet remain effective at the population level given their potential to reach large numbers (the 'prevention paradox'). 12 As Geoffrey Rose explains in his seminal paper 'Sick Individuals and Sick Populations', small reductions in a risk factor that occur en masse will prevent more cases of a disease than sizeable changes occurring within high-risk subgroups. 12 However, Rose's approach to disease prevention has been critiqued by those who suggest that population-level interventions may inadvertently increase inequities in health behaviour and outcomes. 13 If selection bias operates such that low-risk individuals primarily attend Health Checks and use the support on offer, there is potential for inequities in health to be widened rather than narrowed as a result of the programme. 14, 15 Health inequity has previously been defined as systematic disparities in health between population groups with different levels of underlying social disadvantage or advantage (for example, as a result of their gender, ethnicity, age or socioeconomic status; SES). 16 To date, a number of socio-demographic factors have been shown to influence uptake of primary care-based preventative interventions. For example, one previous study found that nonparticipants to a coronary heart disease screening programme were older and of lower SES than participants. 17 These nonparticipants were also in poorer health and engaged in fewer health-promoting behaviours than participants, 17 a finding that implies inequities in health may increase following screening roll out. Other studies of non-participants have observed similar results for SES across a range of different screening interventions, 18 -20 summarized succinctly in two reviews available on this topic. 21, 22 In the context of the NHS Health Check programme specifically, age, ethnicity, gender and SES have all previously been shown to influence non-participation, although the effect of each characteristic may differ with setting. 23, 24 For physical activity promotion interventions, socio-demographic differences in participation have been found in directions that suggest post-intervention increases in health inequities, 25, 26 although contradictory findings are present. 27, 28 For example, considering gender, men have been shown to be both more and less likely than women to participate in physical activity promotion interventions. 25, 26, 28 For the present study, we aimed to explore the sociodemographic characteristics of participants and non-participants to the Health Check and a nested research trial of very brief interventions for physical activity. We examined age, gender, ethnicity and deprivation level to draw some initial conclusions regarding equity in uptake.
Methods

Design
A cross-sectional design using recruitment data collected as part of a randomized controlled pilot trial. This trial formed one phase of a research programme determining the potential efficacy, fidelity, feasibility and acceptability of very brief interventions to promote physical activity within the Health Check consultation. 29 Details of the trial are available online.
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Setting
Four General Practice (GP) surgeries in the East of England.
Participants
Eligible patients were those invited to attend a Health Check and participate in a nested physical activity trial. Recruitment methods differed across surgeries (see Table 1 ), but involved one or more of the following: mailed invitation letters, mailed reminder letters, face-to-face recruitment of eligible patients attending pre-existing GP appointments and telephone recruitment. The main outcome variables of interest were participation in the Health Check and participation in the nested physical activity trial. Health Check participation included patients who took part in the Health Check only and those who participated in both the Health Check and the trial. Trial participation included patients who took part in both the Health Check and physical activity trial (It was not possible to participate in the trial without also taking part in a Health Check.). Figure 1 clarifies participant and non-participant classifications.
Analysis
Univariate binary logistic regression analyses were conducted to compare age, gender, ethnicity and IMD scores of Health Check participants versus Health Check non-participants and of trial participants versus trial non-participants (see Fig. 1 ). Following this, interactions were explored and multivariate binary logistic regression analyses conducted including all socio-demographic variables as predictors and adjusting for GP surgery as a probable confounding factor (There were differences in socio-demographic composition and in recruitment procedures across practices.).
Results
Four GP surgeries provided data on Health Check and trial participants and non-participants. Table 1 provides further details of participating practices. 33 These served between 2000 and 10 000 patients in relatively racially homogeneous areas of moderate to low levels of deprivation. All participating GP surgeries used more than one recruitment strategy, with mailed invitation letters the most commonly employed.
In total, 373 patients (27% of n ¼ 1380) were classified as Health Check participants (data were missing on Health Check only participants in Practice 2), and 194 (14.1%) patients were classified as physical activity trial participants. Participation rates varied significantly across practices, with Health Check uptake of 37.0, 14.5 and 12.2% seen in Practices 1, 3 and 4 (x 2 ¼ 74.61, df ¼ 2, P , 0.005), and trial uptake rates of 11.4, 24.2, 13.7 and 12.2% seen in Practices 1, 2, 3 and 4 (x 2 ¼ 22.72, df ¼ 3, P , 0.005), respectively. Table 2 presents details of the demographic characteristics of participants and non-participants. Multivariate logistic regression analyses, controlling for GP surgery, reduced to non-significant the association between gender and Health Check participation, whereas older age remained a significant predictor in this model (OR 1.05, 95% CI 1.04 -1.07). IMD also continued to predict Health Check participation, although the direction of effect was reversed.
Compared with the lowest IMD quintile, patients residing in more deprived Quintile four (OR 0.37, 95% CI 0.18 -0.76) and Quintile five (OR 0.42, 95% CI 0.20 -0.88) were now found to have significantly lower odds of taking part in the Health Check. Further analysis revealed that IMD distributions differed across the four practices, with a higher number of patients residing in areas in greater deprivation in Practices 3 and 2, and no patients in Quintile 5 in Practices 3 and 4 (x2 ¼ 731.21, df ¼ 3, P , 0.005). In a subsequent multivariate logistic regression model including interaction terms, no significant moderation effects were found.
Physical activity trial participants versus trial non-participants Table 4 displays results of univariate and multivariate logistic regression analyses predicting trial participation (n ¼ 1380). In univariate analyses, older patients (OR 1.03 95% CI 1.01 -1.04) and women (OR 1.49, 95% CI 1.10 -2.03) showed significantly greater odds of trial participation, whereas no significant difference was found between patients of white and other ethnicities. Compared with those living in areas of comparatively lowest deprivation, the odds of trial participation did not differ significantly across the remaining In the subsequent multivariate model, following adjustment for GP surgery, only age remained a significant predictor of trial participation, with a 4% increase in odds seen with every 1-year increase in age (OR 1.04, 95% CI 1.02 -1.06). Women also continued to show greater odds of participation than men when controlling for all other variables, although this effect was borderline non-significant (OR 1.41, 95% CI 1.00 -1.99, P ¼ 0.053). Neither ethnicity nor IMD predicted trial participation in this model. No significant interaction terms were observed.
Discussion Main findings of this study
This study aimed to explore whether participation in the NHS Health Check and a nested physical activity trial can be considered equitable by exploring differences in uptake across selected socio-demographic factors. In multivariate analyses controlling for GP surgery, participation in the Health Check (either alone or in addition to the trial) was predicted by older age and lower area-level deprivation. Participation in the physical activity trial component (nested within the Health Check) was predicted by older age. Together, these findings suggest that younger patients and those living in areas of relatively high socioeconomic deprivation may be less willing to take part in primary care-based preventative interventions, while younger (and possibly male) patients appear further disinclined to participate in research informing the development of these interventions. GP surgery exerted a substantial effect on the strength and direction of associations between socio-demographic variables and participation, a finding which suggests that practice-level factors may play a greater role in determining equity in participation than individual patient characteristics.
What is already known on this topic?
Our finding that older individuals were more likely to participate in primary care-based preventative health interventions is supported by a number of existing studies conducted across varied settings and populations, 21, 22 including research specific to the NHS Health Checks Programme. 23, 24 Conflicting findings from older research studies do however also exist. 17 A number of factors may explain the age association observed here, including the possibility of greater perceived relevance of preventative interventions in older groups given their increased risk profile 21 or age-relevant issues surrounding access to GP appointments (e.g. older people may be less likely to be in full-time employment). The finding of a higher likelihood of attending a Health Check with lower levels of deprivation is consistent with the existing literature and suggests that more efforts may need to be directed towards understanding how best to engage disadvantaged social groups in preventative health interventions 17, 19, 20, 23 . When controlling for GP surgery within analyses, we observed differences in both the magnitude and, in the case of IMD, direction of the association between socio-demographic characteristics and participation. This finding highlights the importance of considering GP-surgery-specific factors when exploring reasons why patients choose to take part or otherwise in primary care-based interventions. We note, for example, disparities in patient IMD distributions across the GP surgeries included in this study, and the fact that each practice organized and conducted recruitment into the Health Check and trial in different ways. To date, a large body of research has highlighted the importance of aspects such as GP surgery size, 23, 24 GP patient ethnic concordance, 24 recruitment strategies 34 (for example, telephone, verbal or opportunistic invitations) 35, 36 and patient beliefs surrounding access to appointments 37 in predicting Health Check uptake. Moreover, the nature of the referral process (e.g. the referring health professional and reasons for referral) 27, 38, 39 and perceived physician support 40 have also been shown to influence uptake of physical activity promotion trials and interventions conducted in primary care. Each surgery in the present study employed different recruitment approaches, ranging from postal invitation letters to face-to-face ad-hoc requests, and Health Check availability and delivery is likely to have differed in quantity, quality and frequency across surgeries. Unfortunately, information on recruitment procedures was not collected in a manner amenable to statistical analysis here, although other research programmes are currently exploring the impact of different invitation procedures on Health Check uptake. 34 
What this study adds
This study is one of a few available analyses exploring equity in uptake of the NHS Health Check across patient sociodemographic factors. 24, 41 Since its inception in 2008, the Health Check programme has been criticized for failing to attain the originally projected participation rates upon which initial estimates of cost and clinical effectiveness were based. 42 Further exploration of how potential socio-demographic determinants of Health Check uptake may be modified by GP surgery-related factors is now required to ensure that the programme not only achieves its aim of reducing vascular disease incidence in the population but does so without increasing health inequities between population subgroups. 42 This latter priority has been highlighted in a number of existing publications examining uptake and response to the programme, with no clear conclusions on equity so far drawn. 36, 43 The findings of the present study suggest that a focus on younger patients residing in areas of greater socioeconomic deprivation may be a good starting point. Further work in this area may be usefully informed by the Cochrane & Campbell Equity Method Groups 'PROGRESS-Plus' equity checklist. This checklist highlights the need to expand equity considerations beyond more traditionally studied social stratifiers such as age, gender and socioeconomic status to consider a far broader range of factors known to typify social disadvantage (e.g. Place of residence, Race, Occupation, Gender, Religion, Education, Social Capital, Socioeconomic status, plus age, disability and sexual orientation) 44 . Further work, including qualitative research, is currently underway to explore how these factors may lead to differential uptake within the context of the Health Check and in primary care preventative interventions more generally.
Limitations of this study
One key limitation of this study is the fact that participating practices were located in one geographic region of the UK (East of England) and served a largely racially homogeneous population of patients residing in areas of relatively low deprivation (both Practices 3 and 4 were in areas classified as falling within the least deprived IMD decile in the country) 33 . This constraint was due to the geographic catchment area of the pilot trial from which data were obtained. We acknowledge that further work exploring the role of GP surgery-related factors in determining equitable uptake of the Health Check is now required in more socially diverse populations and in larger patient samples. That differences in participation by age, IMD and gender were identified within the present patient population implies that larger effects may be observable in populations showing greater socio-demographic variation. Larger sample sizes may also increase the likelihood of detecting potential interaction effects between sociodemographic variables. This would allow us to explore how different indices of social disadvantage may potentially augment the effects of each other on health outcomes.
A further limitation is the fact that other PROGRESS-Plus factors and the pathways through which these may influence recruitment were not explored in the present study. This shortcoming resulted from ethical constraints surrounding access to patient records and from the limitations of demographic data stored on practice databases. Furthermore, we experienced difficulties measuring and operationalizing aspects of Health Check delivery such as ad hoc recruitment procedures. Recruitment of non-participants into research is, by definition, a difficult task, and we acknowledge that one strength of this work is that we were able to obtain data on a relatively large sample of practice-registered non-participants. We had originally hoped to include data from a larger number of practices in our analyses, but we were prevented from doing so by a lack of consistent record keeping on the numbers of patients invited to participate in the Health Check and trial. Further research in this area may benefit from engaging practice staff responsible for recruitment earlier on in the process to ensure that suitable data can be gathered on the numbers and characteristics of invited patients and recruitment procedures used.
To conclude, younger patients in the target 40 -74 age year range may be at greater risk of non-participation in the NHS Health Checks programme and a nested physical activity trial.
Lower socioeconomic status appears to be an additional risk factor for non-participation in the Health Check, while men may be less likely than women to take part in the research trial component specifically. GP surgery-related factors are key determinants of uptake in this context and need to be studied in greater detail to isolate which aspects of programme delivery encourage participation across different sociodemographic groups and thereby ensure equity in uptake. 
